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Task Description:

Exposure to the microgravity conditions of spaceflight causes astronauts to experience alterations in multiple physiological systems including sensorimotor disturbances, cardiovascular deconditioning, and loss
of muscle mass and strength. Some or all of these changes might affect the ability of crewmembers to perform critical mission tasks immediately after landing on a planetary surface. The goals of the Functional
Task Test (FTT) study were to determine the effects of spaceflight on functional tests that are representative of critical exploration mission tasks and to identify the key physiological factors that contribute to
decrements in performance. 
The FTT was comprised of seven functional tests and a corresponding set of interdisciplinary physiological measures targeting the sensorimotor, cardiovascular and muscular adaptations associated with
exposure to spaceflight. Both Shuttle and International Space Station (ISS) crewmembers as well as bed rest subjects participated in this study. Spaceflight data were collected in three sessions before flight, on
landing day (Shuttle only), and 1, 6, and 30 days after landing. Bed rest subjects were tested three times before bed rest, immediately upon getting up after 70 days of 6° head-down bed rest, as well as 1, 6, and 12
days during the subsequent re-ambulation period. The bed rest analog allowed us to isolate the impact of body unloading without other spaceflight environmental factors on both functional tasks and on the
underlying physiological factors that lead to decrements in performance, and then to compare those results with the results obtained in our spaceflight study. 

Information obtained in this study will inform the design and implemention of countermeasures that specifically target the physiological systems most responsible for the altered functional performance
associated with spaceflight. 

  

Rationale for HRP Directed Research:
This research is directed because it contains highly constrained research, which requires focused and constrained data gathering and analysis that is more appropriately obtained through a non-competitive
proposal. 
  

This study will identify which physiological systems contribute the most to impaired performance on mission critical functional tasks. This will allow us to identify the physiological systems that play the
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Research Impact/Earth Benefits:

This study will identify which physiological systems contribute the most to impaired performance on mission critical functional tasks. This will allow us to identify the physiological systems that play the
largest roles in decrements in overall functional performance. Using this information we can design and implement countermeasures that specifically target the physiological systems most responsible for the
altered functional performance associated with spaceflight. 
In terms of Earth benefits this research will provide a better understanding of the underlying physiological mechanisms that contribute to changes in functional performance. For example, in the elderly
population activities of daily living are often impaired by mutifactorial physiological causes. The information obtained from this interdisciplinary study will aid in identifying the relative contributions of
sensorimotor, cardiovascular, and muscle function on comprehensive performance outcomes. This has direct application in the design of clinical interventions and rehabilitation programs that can target
specific systems responsible for decline in functional performance. 

  

Task Progress:

We have shown that for Shuttle, ISS, and bed rest (control and exercise) subjects, functional tasks requiring a greater demand for dynamic control of postural equilibrium (i.e., fall recovery, seat egress/obstacle
avoidance during walking, object translation, jump down) showed the greatest decrement in performance. Functional tests with reduced requirements for postural stability (i.e., hatch opening, ladder climb,
manual manipulation of objects, and tool use) showed little reduction in performance. These changes in functional performance were paralleled by similar decrements in sensorimotor tests designed to
specifically assess postural equilibrium and dynamic gait control. 
The muscle function data showed reductions in lower body muscle performance metrics in both spaceflight groups and bed rest subjects who did not exercise. Bed rest subjects who performed an integrated
high intensity interval-type resistance and aerobic training program while in bed showed significantly improved lower body muscle performance compared to bed rest controls and spaceflight subjects. However,
resistive and aerobic exercise alone was not sufficient to mitigate decrements in functional tasks that require dynamic postural stability and mobility and point to the need for the addition of balance training to
current in-flight countermeasures. 

Bed rest subjects experienced similar deficits both in functional tests with balance challenges and in sensorimotor tests designed to evaluate postural and gait control as spaceflight subjects indicating that body
support unloading experienced during spaceflight plays a central role in post-flight alteration of functional task performance. Additionally, ISS crewmembers who walked on the treadmill with higher pull-down
loads had enhanced post-flight performance on tests requiring mobility. Taken together the bed rest and in-flight exercise training data point to the importance of providing increased body loading during
in-flight treadmill and lower body resistive exercise. 

Both spaceflight and bed rest data indicate that an elevated heart rate was required to maintain arterial blood pressure during performance of multiple functional tasks. Spaceflight data indicated that
restoration of plasma volume alone did not prevent the elevated heart rate experienced while prone or standing during postflight testing. These data indicate that additional countermeasures are necessary to
maintain central blood volume, prevent or reverse changes in peripheral vasoconstriction, and minimize the need for elevations in heart rate during various functional tasks. 

These data demonstrate that an integrated countermeasure system should be composed of the following elements: 1) A high intensity interval-type resistance and aerobic exercise training program, 2)
Balance/sensorimotor adaptability training, and 3) Individualized gradient compression garments (GCG) coupled with pre-landing fluid loading. Forward work will focus on follow-up bed rest and flight studies
that incorporate these elements into an integrated interdisciplinary countermeasure system for future exploration class missions. 
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